In this study, we investigated whether mechanical dispersion which reflects electrical abnormality and other echocardiographic and clinic parameters predict appropriate ICD shock in patients undergone ICD implantation for hypertrophic cardiomyopathy.
| INTRODUCTION
Hypertrophic cardiomyopathy (HCM) is a hereditary disease and the most common cause leading to sudden cardiac death (SCD) in young people. This disease is characterized by abnormal left ventricular hypertrophy resulted from abnormal array of the myocardial fibers. 1, 2 Myocardial fiber disarray and myocardial fibrosis may lead to the electrical abnormalities in the ventricular myocardium including increased electrical dispersion and inhomogeneity of intraventricular conduction that have been shown in electrophysiological studies, causing lifethreatening lethal arrhythmic events (ventricular tachycardia [VT] or ventricular fibrillation [VF] ). 3, 4 In this patient population, ICD therapy is recommended as secondary prevention in patients who survive after cardiac death and primary prevention in the case of high risk for SCD. Current guidelines recommend ICD therapy in patients with a value greater than 4%, based on formalization of the high cardiac risk markers for SCD including left atrium diameter, nonsustained VT (NsVT) on 24 hours Holter monitoring, family history of SCD, the presence of syncope, maximum gradient in left ventricular outflow tract (LVOT), age, and septal thickness with a mathematical modeling. 5 However, some studies report that this modeling is insufficient in 30% of patients. 6 Furthermore, this therapy should be evaluated in details for its benefit and harm because of inappropriate shocks and device-related complications in patients with ICD implanted.
Previous studies have evaluated the prediction of ventricular arrhythmic events with electrocardiographic, echocardiographic, genetic, and cardiac MR parameters in patients with HCM. [7] [8] [9] [10] Again previous studies have demonstrated that mechanical dispersion measured by speckle-based echocardiography, which reflects ventricular myocardial arrhythmic heterogeneity, is predictive for arrhythmic events following long QT, dilated cardiomyopathy and myocardial infarction, and in patients with HCM. [11] [12] [13] [14] [15] In this study, we investigated whether mechanical dispersion and other echocardiographic and clinic parameters predict appropriate ICD shock, which shows the presence of lethal arrhythmic events in patients undergone ICD implantation.
| METHODS
A total of 73 patients who undergone ICD implantation for primary or secondary prevention in Kartal Kosuyolu Training and Research
Hospital between 2014 and 2017 were included in this study.
Patients' clinical, electrocardiographic, and echocardiographic evaluation before implantation and patients' data were prospectively obtained and retrospectively analyzed.
The inclusion criteria consisted of 2D echocardiographic demonstration of an unexplained increase in wall thickness >15 mm in the absence of abnormal load conditions, while the exclusion criteria included a history of ablation or septal myectomy, having coronary artery disease, severe mitral and aortic valve diseases (stenosis or insufficiency), hypertension (systolic blood pressure >140 mm Hg or diastolic blood pressure >90 mm Hg), left ventricular ejection fraction (EF) ≤50, and chronic obstructive pulmonary disease. Three patients unable to attend follow-up visits and seven patients with poor echogenicity were excluded from the study. Finally, 63 patients were enrolled in the study. Informed written consent was obtained from all study subjects, and the study protocol was approved by the Institutional Ethics Committee.
| ICD implantation and settings
All devices were implanted in the left pectoral region using subcla- Imaging (TDI) techniques used. Settings were adjusted manually to obtain optimal images. All data were transferred to a workstation for further offline analysis (EchoPAC PC; GE Vingmed Ultrasound AS).
| Conventional echocardiography
Maximal wall thickness (MWT) was measured from all LV segments from base to apex in parasternal short-axis view. Left ventricular end-systolic diameter and end-diastolic diameter were measured from parasternal long-axis view according to recommendations of American Society of Echocardiography. 18 Left ventricular end-systolic volume, end-diastolic volume, and EF were determined from the apical four-and two-chamber views using Simpson's modified biplane method. Atrial diameter was calculated by M-mode or 2D echocardiography in the parasternal long-axis plane. Left atrial (LA) volume was obtained using the biplane area length method from apical four-and two-chamber images at end-systole, and it was also indexed to body surface area (BSA) as recommended. 19 Mitral inflow velocities were measured at tips of the mitral leaflets using pulsed Doppler performed at end-expiration. The peak velocity during early filling (E) and late filling from atrial contraction (A) were recorded. Pulsed-wave TDI was performed to obtain mitral annular peak systolic (S′), peak early (E′), and late (A′) diastolic annular velocities in the apical four-chamber view with the sample volume (2-mm axial length) at the lateral side of the mitral annulus. Systolic pulmonary artery pressure (PAPs) was calculated from the peak velocity of tricuspid regurgitant flow signal. 
| Speckle tracking echocardiography and mechanical dispersion
The longitudinal strain was obtained from apical four-chamber, threechamber, and two-chamber views. After determining the appropriate cardiac cycle, the endocardial borders were traced at the end-systolic frame and an automated tracking algorithm outlined the myocardium in successive frames throughout the cardiac cycle. The tracking quality was verified for each segment, with subsequent manual adjustment of the region of interest if necessary. The LV was divided into six segments in each view automatically by the software. The global values of the longitudinal strain were calculated by the software from the sum of the changes in individual segments. Systolic strain and systolic strain rate were measured from each strain and strain rate curve (Figure 1 ).
Time to peak strain was defined as the time from onset Q/R wave on ECG to peak negative longitudinal strain during the entire cardiac cycle. 14 Mechanical dispersion (MD) was defined as the standard deviation of time to peak negative strain in 18 left ventricular segments ( Figure 2 ). 
| Statistical analysis

| Reproducibility
Inter-observer reproducibility and intra-observer reproducibility were assessed for global longitudinal peak strain (GLPS) and mechanical dispersion. For intra-observer assessment, the measurements were reanalyzed after 1 week. Inter-observer and intra-observer intra- 
| RESULTS
Three patients unable to attend follow-up visits and seven patients with poor echogenicity were excluded from the study. In total, 63 patients with HCM who underwent ICD implantation (78% male, mean age 48.5±14.2 years) were included in the study. Echocardiographic and clinical characterizations of study populations are summarized in after unsuccessful ATP in four patients and ATP only in 11 patients).
Appropriate ICD therapy was given for VF (n=3) and VT (n=14).
The patient population was categorized into groups based on occurrence or absence of appropriate ICD therapy at follow-up.
In were found to be independent predictors of occurrence of appropriate ICD therapy (Table 2 ).
In the ROC curve analysis, mechanical dispersion >63.5 msn (AUC: 0.711, 70.6% sensitivity and 63% specificity, P=.011), GLPS >−10.7%
(AUC: 0.680, 70% sensitivity and 74% specificity, P=.03), and SCDRisk Score >6.4% (AUC: 0.684, 76.5% sensitivity and 56.5% specificity, P=.026) predicted appropriate ICD therapy ( Figure 4 and Table 3 ).
| DISCUSSION
In the present study, mechanical dispersion was found to be prolonged in patients who developed ventricular arrhythmia and treated with ICD shock among the patients with ICD implanted due to HCM. T A B L E 1 Echocardiographic and clinical characteristic of the study population
Correlations between LAVi and mechanical dispersion and between of GLPS and MWT. GLPS=global longitudinal peak strain; LAVi=left atrial volume index; MWT=maximal wall thickness In addition to prolonged mechanical dispersion, decreased GLPS and increased SCD-Risk Score were found to be predictive for the development of ventricular arrhythmia.
| Global longitudinal peak strain
Global longitudinal peak strain, which is measured with speckle tracking echocardiography (STE), and the prevalence of cardiac fibrosis, which is evaluated with cardiac MR or cardiac CT in patients with HCM, have been found to be well correlated. 21, 22 Studies have found decrease in GLPS, despite normal EF′ in patients with HCM. 23, 24 Furthermore, GLPS has been found to be predictive in differentiation of other etiologies causing left ventricular thickening in patients with HCM, early diagnosis of HCM genetic carriers and the determination of hospitalization due to heart failure, occurrence of ventricular arrhythmia, and major adverse cardiac events. 14, [25] [26] [27] [28] In hypertrophic cardiomyopathy (HCM), microvascular dysfunction in the left ventricle, hypertrophy in the cardio-myocytes, and disarray in the LV fibers cause myocardial ischemia and fibrosis. 29 Because longitudinal fibers of the heart are sensitive to ischemia and fibrosis, decreased GLPS measured with STE may occur in early period. In a study by Debonnaire et al. 30 with HCM patients, GLPS was found to be predictive for occurrence of appropriate ICD therapy. In parallel with that study, in our study also GLPS was found to be predictive for ICD therapy without the presence of the other risk factors. Decreased GLPS indicates the prevalence of myocardial fibrosis, which causes predisposition to cardiac arrhythmia and reentry. 
| Mechanical dispersion
In patients with HCM, ventricular hypertrophy, fiber disarray, and microvascular dysfunction may lead to myocardial ischemia and fi- 12, 36 demonstrated that mechanical dispersion is predictive in the development of ventricular arrhythmia after myocardial infarction in patients with nonischemic cardiomyopathy. Again, studies have found that mechanical dispersion is predictive for the development of arrhythmias in arrhythmogenic right ventricular dysplasia and long QT patient group. 11, 37 In their study with HCM patient group, Haland et al. 14 found prolonged mechanical dispersion in the patient group compared to the healthy controls. Again in that study, increased mechanical dispersion was found in patients who developed ventricular arrhythmia compared to those did not develop on 24 hours Holter monitorization and this was found as the single independent predictive factor for occurrence of NsVT. In their study, Jalanko et al. 15 also found prolongation in mechanical dispersion in patients with HCM. In the present study, despite the patients were at a higher risk for arrhythmic events compared to the patients in the previous studies, significant prolongation was found in mechanical dispersion in the patients who received ICD T A B L E 3 Receiver operating characteristic results for GLPS, mechanical dispersion, and ESC SCD-Risk Score for the prediction of appropriate ICD therapy therapy and this was found to be independently predictive for appropriate ICD therapy. Mechanical dispersion was found to be prolonged in ICD therapy group as increased mechanical dispersion reflects intraventricular conduction heterogeneity and conduction abnormalities.
| SCD-Risk Score
Previous studies have found the risk of ventricular arrhythmia as about 19%-23% in patients with ICD implanted. 30, 38 In this study, we found appropriate ICD therapy as 26%.
ICD therapy is recommended in HCM patients with a high-risk factor for cardiac death, while identification criteria of patients at high risk are still controversial.
The most important problem in patients with HCM is unnecessary ICD implantation in patients having a low cardiac profile for sudden death, which causes inappropriate shocks and device-related complications, and on the other hand, it is also a problem to not perform appropriate ICD therapy in patients in whom current risk factors are insufficient, but sudden death may develop. Suitability of SCD-Risk Score recommended by ESC is recognized by many authors, 39, 40 while it was criticized by some authors due to insufficiency in the determination of future events. 41 Although unlike the other studies, our study included only the patients who undergone ICD implantation were at high risk, and higher rate of appropriate ICD shock was observed also in patients with a high SCD-Risk Score. In our study population, current SCD-Risk Score was found to be predictive in the detection of arrhythmic events.
| CONCLUSION
Mechanical dispersion, global longitudinal strain, and SCD-Risk Score were found to be predictive for appropriate ICD therapy in patients receiving ICD implantation. Readily measurable mechanical dispersion and GLPS could be helpful to distinguish patients at high risk who could optimally benefit from ICD therapy.
| Limitations
The most important limitation of our study is its single-center and crosssectional design and relatively small number of patients. Further prospective studies with larger number of patients are needed on this issue.
Another important limitation is that because patients included in the study were high-risk patients who already underwent ICD therapy, the results cannot be generalized for patients with HCM including all risk classes. Another limitation is that cardiac MR and genetic analysis could not be performed because of the lack of these facilities in our center.
